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© A method of manufacturing a silicon-on-insulator 
semiconductor body is characterized by the steps 
consisting in that a carrier body is temporarily con- 
nected to a supporting body with accurately flat and 
parallel major surfaces and having a thickness of at 
least 1/8 of the largest dimension of the carrier body, 
in that the free major surface of the carrier body is 
mechanically polished to a precision of at least \ 
flatness, in that the carrier body is detached from the 
supporting body and the polished major surface is 
temporarily connected to the supporting body and 
the other major surface of the carrier body is me- 
chanically polished to a precision of at least \ urn 
flatness and a parallelism between the major sur- 
faces of at least £ wn\ whereupon a semiconductor 
body is connected through a major surface perma- 
nently to a major surface of the carrier body, in that 
then the semiconductor body is mechanically ground 
to a thickness of at least 50 urn larger than the 



desired ultimate layer thickness and is then alter- 
nately polished tribochemically and mechanically to 
a thickness of about 10 urn larger than the ultimately 
desired layer thickness, and in that there is ulti- 
mately polished tribochemically until the desired lay- 
er thickness of the semiconductor body is attained. 
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Method of manufacturing a semiconductor body. 



The invention relates to a method of manufac- 
turing a semiconductor body comprising at least a 
disk-shaped carrier body and a disk-shaped mon- 
ocrystalline semiconductor body, in which at least 
one major surface of both bodies is made flat and 
optically smooth the flat major surfaces of these 
two bodies being brought into contact with each 
other in order to obtain a permanent connection, 
whereupon the semiconductor body is reduced in 
thickness. 

Such a method is known from the European 
Patent Application 209173 published on 21 January 
1987. 

The invention has inter alia for its object to 
obtain monocrystalline layers on an insulator, espe- 
cially the construction designated as SOI (Silicon 
On Insulator). Semiconductor layers on an insulator 
become of increasing interest in the semiconductor 
technique. With SOI, in fact thin semiconductor 
layers can be used very advantageously to obtain 
semiconductor devices of very high performance. 
This performance is due inter alia to the fact that 
disturbances in the carrier under this layer, for 
example owing to external radiation, do not influ- 
ence the operation of a semiconductor device, 
which would be the case, however, if the semicon- 
ductor body itself acts as a carrier. (SOI is resistant 
to radiation.) With thin semiconductor layers, no 
circulation currents occur either around semicon- 
ductor devices provided in these layers patch- 
up"). 

The method disclosed in European Patent Ap- 
plication 209173 generally yields favourable results. 
However, there is an increasing need to obtain in 
the case of silicon-on-insulator a semiconductor 
layer with a submicron precision as to flatness and 
parallelism of the major surfaces of the layer. At- 
tempts are further made to obtain a fully uniform 
layer thickness of accurately defined value. 

Two kinds of processing techniques are com- 
monly used for flattening and smoothing a semi- 
conductor body. 

A first technique is purely mechanical (grinding 
or polishing with loose grain), in which a high 
precision can be attained with regard to flatness, 
smoothness and parallelism. With this technique, 
which is suitable for submicron precision, surface 
damage and crystal disturbance under the surface 
cannot be avoided, however. For the semiconduc- 
tor body, in which integrated circuits have to be 
formed, these damages and crystal disturbances 
are inadmissible. 

A second method of flattening and smoothing a 
semiconductor wafer is a tribochemical or 
mechanochemical technique. In this method, a sur- 



face free of damage is obtained and no crystal 
disturbances occur under the surface. The geomet- 
ric precision is comparatively low in this technique, 
however; deviations on micron scale occur. 

5 The invention has for its object to provide a 

method in which an extremely high geometric ac- 
curacy is obtained, especially with regard to the 
flatness and parallelism of the major surfaces of 
the semiconductor layer (submicron precision) and 

io in which the surface is free of damage and crystal 
disturbances in the semiconductor layer are avoid- 
ed. 

The method of the kind mentioned in the open- 
ing paragraph is for this purpose characterized in 

is that the carrier body is temporarily connected to a 
supporting body having accurately fiat and parallel 
major surfaces and having a thickness of at least 
1/8 of the largest dimension of the carrier body, in 
that the free major surface of the carrier body is 

20 mechanically polished to a precision of at least \ 
urn flatness, in that the carrier body is detached 
from the supporting body and the polished major 
surface is temporarily connected to the supporting 
body, in that the other major surface of the carrier 

25 body is mechanically polished to a precision of at 
least 2 um flatness and a parallelism between the 
major surfaces of at least \ urn (maximum thick- 
ness deviation between the major surfaces), in that, 
after the semiconductor body has been perma- 

30 nently connected through a major surface to a 
major surface of the carrier body, the semiconduc- 
tor body is mechanically ground to a thickness of 
at least 50 am larger than the desired ultimate 
layer thickness, in that there is then alternately 

35 mechanically polished and tribochemically polished 
with as last- step a mechanical polishing step to a 
thickness of about 10 u.m larger than the ultimately 
desired layer thickness, and in that then a further 
tribochemical polishing step is carried out until the 

40 desired layer thickness of the semiconductor body 
is attained. 

The use of the supporting body with a suffi- 
cient thickness renders it possible that a high geo- 
metric precision of flatness and of parallelism of 

45 the major surfaces of the carrier body can be 
attained. Due to the mechanical polishing with 
loose grain, a high accuracy to size and shape is 
obtained. The occurrence of any crystal distur- 
bances under the surface is not detrimental to the 

so function of carrier body if there is a stress equilib- 
rium in the wafer, which can be obtained in that 
both major surfaces are subjected to the same 
operation so that warp is avoided. 

After the semiconductor body has been perma- 
nently connected to the carrier body, the semicon- 
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ductor body is reduced in thickness. By the use of 
the method according to the invention, a high geo- 
metric precision is obtained. This high precision is 
mainly attained by the mechanical grinding and 
polishing steps. By means of the tribochemical 
polishing step, any crystal disturbances are elimi- 
nated substantially without the precision being lost. 
The combination of these techniques leads to an 
optimum geometric precision and to a surface free 
of disturbances, the ultimate semiconductor layer 
having an extremely uniform thickness. 

This embodiment and further embodiments of 
the invention will be described more fully with 
reference to an example shown in the drawing. In 
the drawing: 

Figure 1 is an elevation of the supporting 
body and the carrier body before the carrier body 
is secured, 

Figure 2 is an elevation of the carrier body 
secured to the supporting body, 

Figure 3 shows the supporting body with the 
processed carrier body secured thereto, above 
which the semiconductor body not yet processed 
is shown, and 

Figure 4 shows the detached carrier disk 
with the semiconductor layer permanently secured 
thereto. 

Figure 1 shows a supporting body 1 , on which 
a carrier body 2 is secured for further processing. 
The -supporting body 1 preferably consists of 
quartz glass. It is available in forms with a high 
geometric precision. The major surfaces are very 
accurately parallel and are perfectly flat. The thick- 
ness of the supporting body 1 is at least 1/8 of the 
largest dimension of the carrier body 2; the carrier 
body is mostly formed as a cylindrical disk. Due to 
the comparatively large thickness of the supporting 
body, its shape will not be liable to change during 
processing steps on the carrier body 2. 

The carrier body 2 is preferably connected to 
the supporting body by means of a cement. If 
grooves 3 of small depth are provided in the sup- 
porting body, the major part of the cement will be 
introduced into the grooves 3 when the carrier 
body is pressed onto the supporting body. The 
cement, which may consist, for example, of 
beeswax with a filler (AI2O3 or CaCo3), can be 
applied in the hot state. Upon cooling, the cement 
shrinks and pulls the carrier body firmly against the 
supporting body. If required, the carrier body is 
kept under a certain pressure during cooling of the 
cement 

The carrier body may also be connected to the 
supporting body in a different manner. For exam- 
ple, the upper surface of the supporting body may 
be provided with an annular groove, whose diam- 
eter is slightly smaller than the diameter of the 



carrier body and whose perpendicular section is 
only a few microns. Through an inner duct in the 
supporting body, a vacuum may be drawn in the 
annular groove. 

5 The carrier body 2 may consist of a commer- 

cially available semiconductor wafer having one or 
two polished major surfaces. The flatness of these 
wafers does not satisfy the requirements for micro- 
precision and for the parallelism of the major sur- 

70 faces. 

A first step in the method according to the 
invention consists in obtaining a carrier body 2 
having perfectly smooth and flat major surfaces, 
which are further perfectly parallel to each other. 

7S The carrier body 2 is secured by one of its major 
surfaces to the supporting body, for example in the 
manner indicated above, as shown in Figure 2. 
Subsequently, the other major surface is mechani- 
cally polished. This step of mechanical polishing is 

20 effected, for example, by means of alpha-AI 2 03 
powder in water on a polishing substratum consist- 
ing of pitch. The grain size of the alpha-Afe03 
powder may be 0.3 urn during this prepolishing 
step. Afterpolishing may be effected with beta- 

25 AI2O3 powder having a grain size of 0.05 um. 
About 10 to 25 urn is polished; the polished major 
surface is now perfectly parallel to the supporting 
surface. 

After the carrier body has been detached from 

30 the supporting body, the polished major surface is 
secured to the supporting body and the other ma- 
jor is polished in a similar manner. After this pro- 
cessing step, a carrier body is obtained having 
parallel major surfaces; the deviation in thickness is 

35 less than 2 um, viewed over the whole carrier body, 
which has. for example, a diameter of 10 cm. The 
smoothness is such that deviations from the aver- 
age value are smaller than 50 A 

Figure 3 shows the supporting body 1 and the 

40 carrier body connected thereto and the semicon- 
ductor body 4 above it, in this case provided with a 
thin layer 5 of silicon oxide. The thickness of the 
semiconductor wafer is generally 525 um with a 
diameter of 10 cm. The oxide layer may have a 

45 thickness of 1 um. The semiconductor wafer 4 is 
connected through its major surface provided with 
oxide rigidly to the carrier body. The major sur- 
faces to be interconnected must then be perfectly 
clean and free of dust. The major surfaces are 

so preferably interconnected by means of wringing. 
This is a van der Waals bond, which is produced 
by dipoie forces of both surfaces. An example is 
described in EP 209173. 

The semiconductor wafer 4 must now be re- 

ss duced in thickness, to a small value which must 
be very accurately the same throughout this wafer. 
No crystal disturbances must then occur under the 
ultimate surface. There can be started by mechani- 
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cai grinding to a thickness of. for example, 50 urn. 
A surface is then obtained which satisfies a high 
geometric precision. The step of mechanical grind- 
ing is effected, in order to obtain this high accu- 
racy, with, for example, silicon carbide grains in an 
aqueous solution. At this stage, defects are present 
under the surface; cyrstal disturbances exist, 
whose depth depends upon the grain used. This 
depth may even be up to 25 urn. 

In a next step, the surface damage is polished 
away by means of tribochemical polishing. The 
step of tribochemical etching is effected, for exam- 
ple, by means of SiCb grains having an average 
grain size of 30 nm in an NaOH solution having an 
acidity between 10 and 11. The polishing pressure 
may be, for example, 300 - 500 g/cm 2 . After the 
damage depth has approximately been polished 
away, a thickness of, for example. 25 urn is at- 
tained. The surface is now free of damage, but the 
geometric precision has deteriorated. The deviation 
of the parallelism is now, for example, 1 urn or 
even slightly more. 

Subsequently, there is mechanically processed 
again, but now a polishing method is used with the 
smallest surface damage. The damage depth is 
then at most 5 urn. This fine polishing can be 
effected with polishing powder AI2O3 having a 
grain size of 0.05 urn in aqueous solution. As 
substratum a polishing chemotextile, for example 
known under the trademark PAN-W, may be used; 
a pressure of 100 -150 g/cm 2 is used and there is 
preferably worked rotatively on a double-eccentric 
polishing machine with a rotation difference of 
25%. This fine polishing, by which again a very 
high geometric precision is attained, can be contin- 
ued until the thickness of the semiconductor wafer 
is about 10 urn. 

The last polishing step is carried out 
tribochemically in a similar manner as described 
above, now down to a thickness of the semicon- 
ductor layer of, for example, 5 urn. Due to the fact 
that only a small quantity of material is removed, 
the geometric precision is substantially not influ- 
enced any longer. 

It is in principle not important with which 
polishing step there is started. The mechanical 
steps provide for a high geometric precision; the 
last polishing step is a tribochemical step, in which 
the surface damage is entirely eliminated. 

The carrier with the thin semiconductor wafer is 
now detached from the supporting body. An as- 
sembly of components is now obtained (cf. Figure 
4) comprising a semiconductor body, in which in- 
tegrated circuits in silicon on insulator can be man- 
ufactured. For the sake of clarity, the dimensions of 
thickness are not drawn to scale. 

By way of example, the semiconductor layer 
was processed down to a thickness of 5 urn. It is 



also possible to attain very accurately a smaller 
layer thickness. For this purpose, first an accurate 
thickness measurement is carried out on the layer 
(which is about 5 u.m thick). Subsequently, the 
5 surface is thermally oxidized for a time to be deter- 
mined. The silicon oxide formed is then removed 
by an etching process (for example in a HF solu- 
tion), by which an exactly prescribed thickness of 
the semiconductor layer can be obtained. 
10 Variations of the embodiment described are 

possible, in which the inventive idea is maintained. 
The thickness of the supporting body is at least 1/8 
of the diameter of the supporting body. In practice 
a ratio J has proved very satisfactory. The carrier 
15 body is temporarily secured preferably in the man- 
ner shown, but, if desired, this may also be effec- 
ted in a different way. 

In deviation from what has been described 
above, the semiconductor body may also be per- 
20 manently secured to the carrier body with the car- 
rier body detached from the supporting body. The 
wringing step can then be more readily mecha- 
nized. The combination must then be connected 
again to the supporting body, however, in order to 
25 reduce the thickness of the semiconductor wafer. 
The accuracy of repositioning on the supporting 
body must then be high. 

The carrier body 2 may consist, for example, 
of quartz glass. It is also favourable to use a carrier 
30 body of silicon, preferably monocrystalline silicon. 
The carrier body as well as the semiconductor 
body may be doped, any desired doping being 
possible, while the doping may be of the same 
type and of opposite type (p and n). 
35 An example of use is shown in "UOnde Elec- 

trique", the article "Solid Stage Image Sensors for 
Electronic Read-Out of Image Tubes", November 
1987. Vol. 67, pp. 99-107. see the Electronic Mode 
shown in Figure 3. The embodiment shown therein 
40 can be advantageously manufactured in the man- 
ner described hereinbefore. 

The semiconductor body may have functionally 
different properties, for example electrical, but also 
optical (laser) or opto-electrical properties. 
45 The carrier body has a very high geometric 

precision due to the mechanical polishing process. 
If desired, the damage depth on the carrier body 
caused by this polishing process may be elimi- 
nated by means of a tribochemical operation. 
50 The carrier body may consist of material hav- 

ing specific properties, for example, magnetic, 
magneto-optical, photorefractive, piezo-electrical or 
opto-electrical properties. 

Between the carrier body and the semiconduc- 
55 tor body, a chemical barrier may then be desirable. 
This barrier may be consituted, for example, by a 
silicon nitride layer, which is embedded between 
two silicon oxide layers. 
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The semiconductor body may already be pro- 
vided with active electronic elements. A major sur- 
face may be planarized in such a manner that 
wringing onto the carrier body is possible. The 
method of the kind described may also be used in 
such cases if the planarized major surface provided 
with active elements is connected to the major 
surface of the carrier body. 



Claims 

1 . A method of manufacturing a semiconductor 
body comprising at least a disk-shaped carrier 
body and a disk-shaped monocrystalline semicon- 
ductor body, in which at least one major surface of 
both bodies is made flat and optically smooth, the 
flat major surfaces of these two bodies being 
brought into contact with each other in order to 
obtain a permanent connection, whereupon the 
semiconductor body is reduced in thickness, char- 
acterized in that the carrier body is temporarily 
connected to a supporting body, which has ac- 
curately flat and parallel major surfaces and whose 
thickness is at least 1/8 of the largest dimension of 
the carrier body, in that the free major surface of 
the carrier body is mechanically polished to a 
precision of at least 2 um flatness, in that the 
carrier body is detached from the supporting body 
and the polished major surface is temporarily con- 
nected to the supporting' body, in that the other 
major surface of the carrier body is mechanically 
polished to a precision of at least \ flatness and 

a parallelism between the majpr surfaces of at least 
2 Um, in that, after the semiconductor body has 

been permanently connected through a major sur- 
face to a major surface of the carrier body, the 
semiconductor body is mechanically ground to a 
thickness of at least 50 um larger than the desired 
ultimate layer thickness, in that there is then al- 
ternately polished tribochemically and polished me- 
chanically to a thickness of about 10 um larger 
than the ultimately desired layer thickness, and in 
that there is then polished tribochemically until the 
desired layer thickness of the semiconductor body 
is attained. 

2. A method as claimed in Claim 1, character- 
ized in that the thickness of the semiconductor 
layer is further reduced in that, after the thin semi- 
conductor layer has been measured, there is ther- 
mally oxidized to an accurately determined depth, 
whereupon the thermal oxide is selectively etched 
away. 

3. A method as claimed in Claim 1 or 2. 
characterized in that the supporting body is made 
of quartz, and in that the carrier body is made of a 
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material having semiconductor, magnetic, piezo- 
electrical, photorefractive or electro-optical prop- 
erties or a combination of these properties. 

4. A method as claimed in Claim 3, character- 
ized in that the monocrystalline semiconductor 
body is provided at the major surface to be con- 
nected to the carrier body with a silicon oxide 
layer, then with a silicon nitride layer and finally 
with a silicon oxide layer. 

5. A method as claimed in Claim 1 or 2, 
characterized in that the supporting body is made 
of quartz, in that the carrier body is made of quartz 
and in that the monocrystalline semiconductor 
body is provided at the major surface to be con- 
nected to the carrier body with a silicon oxide 
layer. 

6. A method as claimed in Claim 1 or 2, 
characterized in that the supporting body is made 
of quartz, in that the carrier body is made of an 
optically transparent material and in that the semi- 
conductor body, before being connected, is pro- 
vided on the side of the major surface to be 
connected with active semiconductor elements and 
the major surface is planarized. 
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